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We, Union C-*™™ and Carbom Cor- 
poration, of 30, East 42nd Street, New York, 
State of New York, United States of America, 
a Corporation organised under the laws of 

6 the State of New York, United States of 
America (Assignees of Jahed Wilson Clark, 
a Citizen of the United States of America, 
r esiding at 649, Smith Road, Charleston, State 
of West Virginia, United States of America), 

10 do hereby declare the invention, for which 
we pray that a patent may be granted to us, 
and the ™»rh<*i by which it is to be per- 
formed, to be particularly described in and 
by the following statement: — 

3^5 This invention relates to an improved 
process for making chloroonhhioroetnylene 
from 1:1: 2-cricnloro-i : 2 : 2-triflnQr rttttnf . 

It is known that polychloroflnoroalkanes 
can be ^^hiftrinatftH with zinc to yield 

20 chlorofiuoroalkenes. (Locke et d, JJLCS. 
(i934)> VoL 56, page 1726). Such reaction 
may be used to dehalogenate compounds 
having qmf or more chlorine or bromine 
atoms on adjacent carbon atoms* The 

25 chlorine or bromine atoms are removed in 
pairs, with one atom of zinc being required 
to effect the removal of each pair. Thus, the 
dechlorination of trichlorotrimioroethane by 
this known process results in the production 

30 of zinc chloride as a by-product in an amount 
greater than Thar of the desired chlorotrmunro- 
ethylene. This zinc chloride is produced in 
the form of an aqueous solution and operating 
on a large scale, the disposal of this large 

3o amount of by-product would constitute a 
difficult gnH serious problem since the re- 
generation of the zinc or the recovery of the 
chloride is not commercially practicable. An 
adrtiriffjiml disadvantage is that such reaction 

40 must be carried out under pressure, in the 
liquid phas e. 

It is also known that halogens can be 
removed from halogenated organic com- 
pounds in the presence of hydrogen and this 

46 reaction has been applied as a quantitative 
procedure fur the determination of the 
amount of halogen prescnL Sabatier and 
Maihle (Com ptes Rendu (1904), VoL 138, 

' *] 



page 407) have described the reaction of 
hexachloxoethane and hydrogen over a nickel 60 
catalyst with the formation of perchloro- 
ethyicne and hydrogen chloride. As far as is 
known, however, it was not considered that 
one halogen could be removed preferentially 
in the presence of another halogen. 55 

The present invention is based on the dis- 
covery that chlorine can be removed prefer en- 
dairy from r:2:2-trkhloro-i:a:2-om1aoro- 
ethane in the presence of hydrogen to form 
cnl mouiflu oroer h ylcne in good yields and 60 
efficiencies. Hydrogen chloride is formed as 
a by-product. The reaction is iUostrated by 
the following equation; 

Ca^FCOF^H, — > COF-CF, + 2Ha 

The reaction can be carried out by passing 6£ 
a mixture of 1 ;i^z-trirhTnro-i p^-tTifrnoro- 
ethane and hydrogen through a reactor or 
convenor maintained at an elevated tempera- 
ture. The reactor can be a length of tube 
made of nickel or stainless steel, lor instance, 70 
which can he nnfTpF*^ or charged with a 
catalyst as hereinafter described. It can be 
externally heated by known expedients, as by 
immersion in a beared salt bath, for instance, 
or by an dectrical resistance. The vapours 7$ 
issuing from the reactor can be collected by 
coaling and condensation, after having first 
been washed to remove the h y dr ogen chloride, 
and dried. 

For high rffinrrtrirs, the reaction is best 80 
earned out over nickel, cobalt, copper, 
platinum, palladium or activated carbon as a 
catalyst Of these, nickel is pr ef err ed. The 
catalyst can be in the form of finely divided 
metal, as for instance nickel, and pressed into 85 
pellets, or the catalyst in finely divided form 
can be deposited on a support. Alternatively, 
the catalyst can be used in the form of its 
salts on a support, as for instance nickel 
chloride on graphite a? activated carbon. 90 
Similarly, the cobalt, copper, platinum and 
palladium can be employed in the farm of 
the fwtal or their salts. 

In non-catalytic operations, the reaction 
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am be carried out at a temperature between. 
450* C and 650" C A temperature within 
the range of 450* C to 575° ^ » preferred. 
At temperatures below 45°° C in the absence 

5 of a catalyst, the yield tends to fall off to 
about 5 to 10 per cent. At temperatures 
above 575" C, a shorter reaction time is 
required than at lower temperatures in order 
to Tm"nimtTF» losses due to polymer formation 

10 and decomposition to triflooroethyiene and 
free carbon. The formation of polymer and 
free carbon results in a deposit on the walls 
of the reactor which, if allowed to accumu- 
late, would eventually offer excessive resist- 

15 ance to the flow of gas through the reactor 
and to the transfer of heat through the tube 
wall The deposit is hard and adheres firmly 
to the t nbr walls but it can readily oe re- 
moved by burning out with air and with 

20 oxygen. 

The ratio of hydrogen to 1:1: 2-tricbloro- 
i:2:2-*rinuoroethane is sot critical. At a 
ratio of 0.75 mol of hydrogen per tool of 
I ; r : a-rrkhlaro-l : 1 : 2^rrifruaroerhane it is 

26 possible to react practically all of the hydro- 
gen which fty-iii ftitre temge ry of the chloro- 
trifluoroethylenc and unreacted ttkhloro- 
trrftnoroethaue. Increasing the proportion of 
hydrogen increases the yield of chlorotxfflucjo- 

30 ethylene but the losses due to the formation 
of carbon and triflnoroethylnie also increase. 
A ratio of from 0.75 to 3 mols of hydrogen 
per rnol of 1:1: 2-trichlaro-i : 2 : 2-triflnoro- 
f &vxrw- is preferred. 

35 Losses due to the formation of carbon and 
DmluoToerhylene can also he mmimized by 
employing lower temperatures to effect lower 
single pass yields. In general, optimum 
efficiencies are obtained when the single pass 

40 yields are in the range of 20 to 40 per cent, 
based on the 1 : r : a-crichi oro-r ; 2 : a-tn fl nnro- 
erhane. 

Reaction te mpeiam res used with catalysts 
are lower than those used in non-catalytic 

45 operations. The actual mechanism of the de- 
chlorination reaction is not known. It may 
be that the catalyst metal reacts to form the 
metal chloride which then reacts with the 
hydrog e n to give hydrogen chloride, with the 

^0 gee metal being regenerated and the cycle 
repeated. In the presence of a catalyst 
reaction temperatures of 400° C to 475* C 
are preferred. However, temperatures be- 
tween 375° C and 525" C can also be used. 

55 Appreciable removal of chlorine may be 
effected at temperatures as low as 200° C. 
with an active catalyst but at this low tem- 
perature the redaction of metal halides is 
very slow and the metal catalyst tends to be 

GO converted to the less active metal chloride 
and fluoride. At temperatures above 475° C 
catalytic reaction tends to become less 
emcienL The temperature of 475* C approxi- 
mates the practicable upper limit for efficient 

65 operation. Usable temperatures range up to 



525' C, but for these higher temperature 
ranges a somewhat shorter contact time is 
recommended. 

The mventioo is more particularly de- 
scribed in the following examples: 70 
Example 1. 

A mixture of 739 parts by weight (3.95 
mols) of 1:1:2- trichlaro -1:2:2- rrifluoro- 
ethane with hydrogen in a mol- ratio of 
approximately 1 to 3 was passed through an 7° 
electrically heated tube maintained at a tem- 
perature of 410" C to 47*° C. The tube 
which was made of stainless steel was three 
feet long and had an inside diameter of one 
inch. It was charged with 461 grams of nickel SO 
catalyst in pellet form. The space velocity 
was approximately 300 litres per litre of 
catalyst per hour. 

The reaction gases from the tube were 
passed first through a water scrubber where 
hydrogen chloride and hydrogen fluoride 
were removed, and then dried in a calcium 
chloride drying tower. The product was con- 
densed from the dried gas by means of a 
series of cold traps cooled by a solution of 90 
solid carbon f Urr*^ **** acetone and a final 
trap cooled by Hquid nitrogen. The excess 
hydrogen exciting from the nitrogen-cooled 
trap was vented through a gas meter. 

Destination of. the condensate collected in 95 
the cold trap yielded 209 parts of a chloro- • 
naflaoroethykne trarriou boiling at —30" C 
to —26* C. and having an apparent mole- 
cular weight of 1 18.5 based on vapour 
density dereanmaoons; as compared with the 
boiling point of -27.9* C. given in literature 
(StuII, End. Eng. Ctam, Vol 39, page 518; 
1947) and a calculated molfmlar weight of 
116.5. There was obtained also 16 parts of ~ r 
a tximioroethylerte fraction boiling at -55* 
C to —50* C. and having an apparent rnoTe- 
cular weight of 884 based oh vapour denary 
determinations; as compared with the boiling 
point of -51° C given in Iherarnre (Swans, 
Chenr Zentr, II, page 281; 1899). and a calcu- 110 
laced molecular weight of 82.0. A third frac- 
tion amounting to 45 parts of material boiling 
above 40* C was largely unreacted 1:1:2- 
trichlnro- 1:2:2 -rxmooro^ The total 

production of cMorotrifluoroethylene was 240 ^ 5 
parts corresponding to a yield of 52.1 per 
cent. The efficiency was 55.8 per cent The 
yield of triflooroemyiene was 5.1 per cent 
with an efficiency of 54 per cent. 

Example 2. 120 

A mixture of I ;2;2-rrichloro-i :2:2~txifluoro- 
ethane and hydrogen in a mol ratio of about 
1 to 2.3 was passed through a reactor main- 
tained at a temperature of about 425" C to 
480* C The reactor was a stainless steel tube 
as in Example 1, charged with 100 milli- 
htres of a catalyst made by evaporating to 
dryness an aqueous solution of 364 grams of 
nickel chloride (NK3-6H.O) on 300 raflli- 
litres (135 grams) of activated carbon pellets 130 
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which are small enough to pass through a 
mesh having openings of 3/16 of an inch but 
large enough to be retained on a mesh with 
openings of 4 of an inch. The space velocity 
5 was 1540 litres per litre of catalyst per hour. 
The reaction gases were washed, dried and 
the reaction product condensed and collected 
as in Example 1. Upon distillation of the 
condensate there was obtained 258 pans of 
* <^orotrrhWoethyiene fraction boiling be- 
tween -30' to ~20° C and 40 parts of a 
tarluoroerhylene fraction boiling bdow —30* 
C The estimated efficiency to chloxotrifluoro- 
ethylene based on the tikWoroTrm^oroethane 
vns 75 per cent 

Example 3. 
A mixture of 2177 parts by weight of 1 : 
1:2- trichloro -1:2:2- trifinoroethane with 
hydrogen in a mol ratio of about 1 to x-4 
was passed during a five hour period through 
a reactor maintain*^ ^ a temperature of 400* 
C to 500* C. Hie reactor was a stainless 
steel tube, as in Example I, charged with 
200 mffliHtres of a catalyst made by evaporar- 
*° nog to dryness an aqneons solution of 140 
grams of cobalt chloride (CoCL.6H a O) on 
300 miTT nitres of activated carbon pelkts. 
The space velocity was 570 litres per litre of 
catalyst per hour. 
30 The reaction gases were washed, dried and 
the reaction product "wv^fipfl and collected 
as in Example 1. Upon distilling the con- 
densate there was obtained 249 pans of 
crdorotrirhmroe^ The yield was 18.5 

per cent and the efficiency 63-2 per cent 
based on the trichlarotrifluoroetnane. 

T3tjhutpt 4^ 

A mixture of 685 parts by weight of 1 : 1 : 2- 
. Q trichlaro-i ; 2 : 2-trkhIoroethane and hydrogen 
u in a mol ratio of r to 2.5 was passed through 
a reactor maintained at a tv * T nfM*iHlurr of 
about 400* C to 425* Q during a period of 
three hours. The reactor was a stainless steel 
45 tube as in Example x. It was charged with 
200 tmTKltfres of a catalyst made as follows : 
A solution of 135 grams of cuprous chloride 
in 320 grams of hydrochloric acid was 
evaporated to dryness an 300 miHiHtres (135 
grams) of activated carbon pellets which are 
small enough to pass t hrou gh a mesh having 
openings of 3/ 16 °f an inch but large enough 
to be retained an a mesh with openings of 
3/52 of an inch. 

There was obtained 149 parrs of chloro- 
trrflunroethyieiie for a yield of 35.0 per cent 
and an efficiency of 60-4 per cent based on 
the trichlorotrifiWoethane. The production 
ratio was 249 grams of chlcrotrinuoroethylene 
per litre of catalyst per hour. 

Example 5. 
A mixture of 1494 parts by weight of 1 : 
1:2 - trichloro -1:2:2 - trrnuorc^tWe with 
jrydrogen in a mol ratio of 1 to 0.7 was passed 
through a reactor which was a *»VM tube of 
65 one inch, inside diameter, filled with carbon 
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rings. A zone containing 150 mfllilitres of 
the carbon rings was mnin^fo^ at a t fn > 
peratare of 520* C to 550* C and the feed 
rate adjusted to gfte a space velocity of about 
416 litres per litre of reactor space per hour. 70 

There was obtained 288 parts of chlaro- 
trifluoroethylcne corresponding to a yield of 
31 per cent and an efficiency of 66 per cent, 
based on the tiichlojxftrifluaroethane. The 
production ratio was 370 grams of chloro- 75 
rrimzoroethylene per line of reactor volume 
per hour. 

Example 6. 
1:1:2 - trichloro - 1:2:2- trifrnnroethane 
(1651 parts by weight) was fed together with 80 
hydrogen m a 1 to r.4 mol ratio over acti- 
vated carbon (100 infflilitres) corfcrined in a 
direct -heated stainless steel tube having an 
msidfi diameter of one inch. A period of four 
hours was required, during which the tern- 86 
perarure was maintained at about «x>* C to 

There was obtained 84 parts of chlorotri- 
fluoroetjrjlene. The unreacted tricUoxotri. 
flnotoethane that was recovered amounted to 00 
1540 parts. The yield was 7 per cent and 
the efficiency based on the trichlcrotrinWo- 
ethane was 40 per cent. Thttprodncrian ratio 
was 211 grams per litre of catalyst per hour. 
Example 7. 
1:1:2 - trkhloro - 1:2:2 - trimiorocthane 
(2610 parts by weight) and hydrogen in a 
mol ratio of 2 to 1, were passed through a 
reactor over a period of 4.5 hours. The 
reactor was a nickel tube seven feet long and 100 
one inch inside diameter. The top preheater 
VZ*?* °* ^ ^k** *4 Inches in length, was 
filled with nickel peflers supported on a pad 

J"?.™* 5 turnm KS- The remainder of the . 
tube which was empty except far a nickdlOB 
therrnocorrple well was maintained at a 
temperature of 53* ' C to 534 0 C by a 
heated salt bath. The feed rate was adjusted 
to grre a space velocity of 252 litres per litre 
of reactor space per hour. 

There was obtained 346 parts of chloro- 
MJuoroemylcne and 53 parts of trifiuoro- 
eAyiene. The irmeacted nichloroirinuoro- 
etnane tot was recovered amonnted to 1751 
parte. These amounts correspond to an 116 
effiaency to chloronamioroerhylene of 65 ner 
cent and an efficiency of mfinoroemyiene of 
14 per cent., based on trichlorotriflnoro- 
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What we. claim is: 120 
m J\* P??^ 8 for making chlarctrifluoro- 
ettyiene which compnses heating a mixture 
ot 1 : 1 : 2-trichloro-r : 2 : a-trinnoroethane and 
hydrogen to an devared reaction temperature 
at which hvdrogen chJoride is formed, but 125 

SZxtSff^ teinperaturc rf 

2. A process as danncd in Claim r. m vfcirh 
the inrxture of i:r :^rricMoro-i-2-2- 
trTflnoroethane and hydrogen is h^trd m & c 130 
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5 of a catalyst at a janperawrc between 

450* C and 6$o m G, " . 
% Aproccs asdaimcd inClaim x or 2, in 

„h1ch the mixture of r:i:ytochliiro-i:2jz- 

5 trifluoroedaiie and hydrogen camams from 

0.75 to 3 mcis of hydiogeopet mol of 1 si i3> m 

tndilo^i:2:^trifl Iloro ^ liia °S* . , ... 

* ^ process as claimed in Qahn 1, in wmcn 
thT mfexw of i:i:2-oicnlaro-i:*:2^ 
10 ftioroctnanc and hydrogen » healed m fte 
Tffcscocc of a catalyst congsoogof o ne of me 
lowing: nickd, cobalt, copper, pjatnrmn* 
paDadmm, or a salt thereof actframd carbon 



at a temperawxe of at least 37s ' C and not 

higher man 535" ^za^r^ 

5/A process for making cMrtrotnflnom- 
chyfcne^ substantially as l«rem^ 15 
described in any one of mc preceding 

"^^orotrmWoemyiene prepared by me 
nioccss as dalrned in any one of Oanns 1 ^ 
to 5. 

W. P. TBQMPSON & COn 
12, Church Street, Liverpool, X. 
Chartered Patent Agents. 



l.a.uni^S^; Printed far Her Btetio^ ^^^^^"S 

pSTat The Patent Office. 25, Eflnrthanpttm Boflduig* Unxkm, W.CA ™n 

oapSes mas be obtetnetL 
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